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The aggregation of multiple cardiovascular disease (CVD) risk factors has been called the metabolic syndrome (MetS) (14) . Abdominal obesity, hyperglycemia, dyslipidemia, and hypertension are commonly included to define the MetS. Although this clustering of CVD risk factors has initially been observed in adults (13, 27, 40) , the prevalence of obesity in children and adolescents has also prompted the observation of the clustering of CVD risk factors in youth as well (9, 53) . Because children and adolescents should not be considered "small adults", scientific research groups have worked to develop specific pediatric MetS definitions (38, 44) . However, the published definitions of MetS in youth have several limitations. Firstly, definitions are based on binary assessment of each factor (MetS or not MetS). This approach reduces statistical power dichotomizing continuous variables in epidemiological research studies (20) . Therefore, it has been suggested that the binary definition be converted into a continuous MetS risk score (16, 54) . Secondly, published definitions include different CVD risk factors and different cutpoints to assess the MetS in adolescents. This fact has led to a wide variability in the prevalence rate in the same youth population (4, 8, 41) . Likewise, since there is no clear definition, different continuous MetS scores have been used in the scientific literature (1, 2, 7, 17, 18, 42) .
Regardless of definition, physical activity (PA) has been considered a cornerstone in the prevention of MetS (55, 56) . International recommendations of PA for children and adolescents call for at least 60 minutes in moderate-to-vigorous PA each day (45) . On the other hand, there is strong evidence for the association of cardiorespiratory fitness (CRF) on the MetS among children and adolescents (15) ; in addition, habitual PA and CRF are commonly related in all ages (31) . For this reason, a few studies in children and adolescents have shown that PA and CRF are independently associated with MetS (7, 18, 21) and many studies have defined CRF as a pivotal agent between PA and MetS (5, 25, 42, 52) . Such studies have varied in PA assessment (subjective vs. objective) and CRF assessment (ergometer cycle vs. treadmill tests), sample size, heterogeneous based-populations, and criteria or risks to define MetS as discussed above. Whereas measures to assess CRF are highly related (6) , and sample size and diversity are taken into consideration in statistical analysis, we are concerned about the use of subjective methods to assess habitual PA and the large variety of pediatric MetS definitions available. Therefore, the aim of this study was to examine the associations of objectively measured PA and CRF with the MetS in adolescents using different pediatric continuous MetS scores published in the scientific literature.
Material and Methods
Participants.-Adolescent participants in this study were enrolled in the AFI-NOS Study ( (33, 34) . The sum of 6 skinfolds (sum6) was used as an indicator of total body fat and the waist circumference (WC) as an indicator of abdominal body fat. Adolescents were categorized by BMI according to age and sex BMI cutpoints proposed by COLE et al. (10) .
Systolic and diastolic blood pressure (mmHg) values were measured using a validated digital automatic blood pressure monitor (Omron M6, OMROM Health Care Co., Ltd., Kyoto, Japan) (49) . The mean arterial pressure (MAP) was calculated as (systolic blood pressure -diastolic blood pressure/3) + diastolic blood pressure. Classification of maturity status (I to V) was determined according to Tanner & Whitehouse (46) . Blood samples.-Venipuncture blood samples were collected between 8:00 to 9:00 AM, after fasting for 10 hours. In all participants, blood was extracted from the antecubital vein (16 mL). After 1 hour of collection, blood was centrifuged and aliquots of sera were stored at -80 ºC. Biochemical parameters used in the study were: triacylglycerol (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), insulin, and glucose. These indicators were measured by enzymatic assay using an Olympus AU2700 Analyzer (Olympus UK Ltd., Watford, UK). The HDL-c/TC ratio was also calculated.
Cardiorespiratory fitness.-CRF was assessed by the 20-m shuttle-run test in the adolescent sample. The progressive 20-m shuttle-run test is one of the most widely used field tests to assess CRF among children and adolescents, and has been described in detail elsewhere (29) . The last lap completed was considered the individual CRF level. For comparative purposes with previous studies, maximal oxygen consumption (VO 2 max) was also estimated (29) .
Physical activity.-Participants wore the ActiGraph (ActiGraph GT1M, ActiGraph, Pensacola, FL, US) accelerometry-based monitor. This accelerometer has been widely validated in laboratory settings and free-living conditions with children and adolescents (22) . Adolescent participants in the AFINOS Study wore the ActiGraph for 7 consecutive days. The protocol of PA measurements by accelerometer in the AFINOS Study has been reported elsewhere (32). Freedson's age-specific cut-off points (22) for moderate PA (MPA) and vigorous PA (VPA) were used to estimate time (min) spent in these PA intensities. Time spent in moderate-to-vigorous PA (MVPA) was computed by summing the moderate and vigorous periods.
Continuous metabolic syndrome scores .-Three continuous MetS score approaches used in previous pediatric studies were calculated for each participant. A higher score is indicative of a less favorable MetS profile in the 3 scores created. The MetS scores calculated in the current study were as follows:
The Corpus Christi Child Heart Study (CCCHS) (2): a continuous MetS score was calculated using BMI, TG, HDL-c, insulin, and systolic blood pressure. Variables included in the MetS were standardized as follows: standardized Z value = (value -mean)/SD. Since the standardized HDL-c is inversely related to metabolic risk it was multiplied by -1. The final MetS score was calculated by the sum of these five Z scores.
The Aerobic Center Longitudinal Study (ACLS) (17): a continuous MetS score was computed using WC, TG, HDL-c, glucose and MAP. These factors were regressed onto age, sex and maturity status. HDL-c was previously multiplied by -1. The standardized residuals (Z scores) for the individual risk factors were summed to create the MetS score.
The European Youth Heart Study (EYHS) (42): a continuous MetS score was created using the sum of skinfolds, TG, HDL-c/TC, insulin, glucose, and systolic and diastolic blood pressure. Each factor was standardized but the MetS score was computed as the mean of the seven standardized Z scores instead of the sum of the Z scores. Before the standardization, HDL-c/TC was also multiplied by -1.
Statistical analysis.-The characteristics of participants and outcomes of the study are presented as mean (SD), unless otherwise stated. All the variables were checked for normality of distribution before the analysis, and natural logarithm or square rooted transformations were applied when necessary. Differences between sexes were determined by analysis of variance and the Chi-square test for proportions was used for categorical data. Since no significant interaction was found between sexes, all analyses were performed with adolescent boys and girls together in order to increase statistical power. Partial correlations, controlling for age, sex and maturity status, were used to analyze the relationships between PA variables (MPA, VPA, and MVPA) and CRF. Partial correlations, controlling for the same potential confounders were also used to analyze the relationships between PA variables and CRF with the MetS risk factors.
Multiple linear regression analysis was used to determine the independent and combined associations between PA intensities and CRF with the three continuous MetS scores after adjustments for the same potential confounders except with the ACLS MetS score because these confounders have been previously used in the standardization process. Further analyses were used to test differences among MetS levels in VPA (low and high) and CRF (low and high within each VPA group) groups based on the median split by analysis of covariance controlling for confounders. Bonferroni's adjustments for multiple comparisons were used to examine the contrasts between groups.
All statistical analyses were performed using the Statistical Package for the Social Sciences for Windows, version 14.0. The level of significance was set at p <0.05 for all analyses.
Results
Descriptive statistics by sex are shown in Table I . Adolescent boys were taller and weighed more than girls, but there were no significant differences in BMI between genders. Adolescent girls had higher total body fat as determined by sum6, while boys had higher abdominal body fat as determined by WC. According to BMI, 19% were overweight and 6% were obese. Adolescent girls also had lower systolic blood pressure and glucose, and higher HDL-c than adolescent boys, whereas adolescent boys had higher CRF levels and spent more time in MPA, VPA, and MVPA than adolescent girls.
CRF levels were significantly correlated with time spent in MVPA (r = 0.280, p < 0.001) and VPA (r = 0.484, p < 0.001), but not with MPA after adjusted by age, sex and maturity status. Partial correlations between PA variables and CRF with MetS risk factors controlling for age, sex, and maturity status, are shown in Table II Table III . There were no significant associations between MPA and MVPA with MetS scores (p > 0.05). However, VPA was inversely associated with all the continuous MetS scores. CRF was also inversely associated with all the continuous MetS scores and showed higher standardized regression coefficients than VPA (e.g., β = -0.319 vs. -0.189 for CCCHS). When the multiple linear regression included both VPA and CRF as predictors variables, CRF was significantly and inversely associated with all the MetS scores but not with VPA. The multiple linear regression with VPA and CRF was repeated including VPA x CRF interaction as a predictor variable. This regression analysis showed similar results where only CRF was significant and inversely associated with MetS (data not shown), but a significant interaction was found between VPA x CRF (p = 0.011) using the ACLS MetS score. VPA x CRF interactions were not significantly different (p = 0.768) meanwhile they were borderline significant (p = 0.064) when using CCCHS and EYHS MetS scores, respectively.
Differences in the three MetS scores stratified by VPA-CRF groups are illustrated in Fig. 1 . The median split for VPA was 9 min/d and for CRF was 45 laps or 42.3 ml/kg/min. MetS scores were significantly different across VPA-CRF groups for both ACLS and EYHS MetS scores (F = 5.02, p = 0.002 and F = 4.32, p = 0.006, respectively) but not the CCCHS score (F = 1.20, p = 0.313). In general, several trends exist: 1) the low VPA-low CRF group had the highest MetS score and the high VPA-high CRF group had the lowest MetS score, 2) within the VPA groups those with high CRF had a lower MetS score, 3) in the low CRF groups those with high VPA had a lower MetS score, 4) in the high CRF group the MetS score is similar by VPA level, and 5) the low VPAhigh CRF showed a lower MetS score than the high VPA-low CRF group. More specifically, there were significant mean contrasts between the low VPA-low CRF group, and the low/high VPA-high CRF groups using the ACLS MetS score. There were also significant differences between the low VPA-low CRF group and the high VPA-high CRF group using the EYHS continuous MetS score.
Discussion
The main results of the current study show that CRF, and not PA, is independently associated with MetS in adolescents. However, PA (VPA and MVPA) is positively associated with CRF levels. Therefore, CRF seems to play a pivotal role in the MetS and in the association between PA and MetS in this population.
Current technologies allow for relatively feasible and cost-effective objective assessment of habitual PA, and accelerometry-based activity monitors are frequently selected to assess PA in children and adolescents (22, 43, 51) . To date, a few studies have used accelerometers to evaluate the role of objectively assessed PA and CRF on the MetS and its metabolic risks and have shown equivocal findings. For example, EKELUND et al. (18) found that PA and CRF are separately and independently associated with individual and clustered MetS among 9-year olds from three European countries (Denmark, Estonia, and Portugal). BRAGE et al. (7) also found similar results in Danish children. Conversely, RIZZO et al. (42) did not find associations between PA and MetS in 9-year children and 15-year adolescents from Sweden after controlling for CRF, and concluding that CRF is a key between PA and the MetS. Thus, our results confirm the findings presented by RIZZO et al. (42) .
In relevant prospective studies, CRF has been inversely associated with an increased risk of all-cause and cardiovascular disease mortality (3, 19, 28) . Indeed, CRF has an independent inverse association with MetS in adults (26) . There is also adolescence to prevent cardiovascular risks and the MetS. Although CRF has been associated with several genes (47), many studies have also shown the link between habitual PA and CRF (31) . However, it is widely established that PA and CRF levels decline from childhood to adulthood (35, 48) . The results from our study show that activities in VPA and MVPA are associated with CRF levels during adolescence, but VPA showed a stronger relationship between them (r ∼ 0.5). Moreover, a significant interaction VPA x CRF was found. This interaction suggests that VPA has a healthy effect in adolescents with lower CRF levels. Hence, adolescents should engage in VPA each day to increase CRF and prevent the MetS. Previous studies using accelerometer to assess PA have also found PA x CRF interactions with MetS (7) and abdominal body fat (36) .
Besides the general association of PA and health outcomes, there is specific interest in the influence of PA intensity on health outcomes. Several studies have shown that only VPA explains a significant part of the variance in health outcomes in adolescents. For example, GUTIN et al. (23) found that only objectively measured VPA explains body fat by dual energy X-ray absorptiometry in an adolescent sample. We also showed associations between VPA and health-related muscular fitness and not with others patterns of PA such as total PA, sedentary PA, light PA, MPA, MVPA (MARTÍNEZ-GÓMEZ et al., unpublished observation). In other studies, stronger associations between VPA and other health outcomes than different PA intensities and sedentary behaviors have been shown (23, 37, 42) . All these findings including those from the current study suggest that specific VPA should be included in international and public recommendations for youth, or at least in adolescents, because children spent more time at VPA than adolescents (50) . The Canadian public health recommendation includes a target of 30 minutes in specific VPA each day for children and adolescents (39) . Even so, the most accepted recommendations for youth makes reference to moderate-to-vigorous intensity (45) . Thus, a specific, updated and evidence-based international PA recommendation for adolescents should be stated (24) .
A complementary aim of this study was to examine the association of PA and CRF on the MetS using 3 different pediatric continuous MetS scores. Regardless of the strong relationships between the three MetS scores (r > 0.8), the magnitude of the independent associations between CRF and the MetS scores were slightly different for each MetS. In addition, the interaction between VPA and CRF was only found using the ACLS MetS score, and trends across VPA-CRF groups were significant with ACLS and EYHS scores, but not with CCCHS score. Thus, these results suggest that the associations of PA and CRF on MetS are modified by the diversity of cardiovascular risk factors included to define the continuous MetS score. Similarly, BRAGE et al. (7) examined the associations of PA and CRF with MetS scores with and without adiposity showing that the associations were modified.
The clinical definitions of the MetS are based on binary definitions, diversity of risk factors included, and different cut-off values by characteristics such as age, sex, and height or arbitrarily chosen. Therefore, previous studies have shown large variation in the prevalence rate even within the same pediatric sample using several public definitions of MetS (4, 39) . For example, BUENO et al. (8) found a MetS prevalence of 30% and 50% according to COOK et al. (11) and DE-FERRANTI et al. (12) definitions, respectively, in 103 Spanish children with obesity. These studies together with our results support the necessity of a definitive consensus statement to clarify what risk factors must be used to define the MetS as well the cut-off values for each selected risk, and how many risks can identify the presence of MetS in youth.
The current study has several weaknesses. First, our results are limited due to its cross-sectional design. Second, only one blood sample was used to determine the biochemical profile and that might not accurately reproduce long-term metabolic abnormalities. In addition, PA assessed by accelerometry has inherent limitations (e.g., time worn, data reduction procedures, etc.). Considerations using the ActiGraph accelerometer to assess PA in this adolescent sample have been published elsewhere (32) . Finally, some confounder indicators, that might explain part of the variance in the MetS, were not included in our statistical analyses (e.g. diet, socioeconomic status).
In conclusion, CRF, and not PA, attenuates the MetS during adolescence. However, recommended PA is associated with a better CRF level. Hence, adolescents should participate in MVPA, and particularly VPA, to indirectly attenuate the MetS. Further longitudinal studies should be conducted to examine the role of PA and CRF on the MetS during adolescence using objective PA measures. Moreover, a single or definitive definition of the MetS in youth must be stated to minimize the diversity of contradictory findings found in the scientific literature.
